The purpose of this study was to evaluate the accuracy of two newly developed PA questionnaires: the Canadian Society for Exercise Physiology (CSEP) Physical Activity and Sedentary Behavior Questionnaire (PASB-Q) and a newly modified Leisure Time Physical Activity Questionnaire (mLTPA-Q). These questionnaires were compared to objective measurements of physical activity and fitness (accelerometry and physiological assessments) in 35 adults, before and after a week of daily living activity. Objectively measured moderate-tovigorous intensity aerobic physical activity (MVPA) was moderately correlated with the PASB-Q's physical activity vital sign (PAVS) (r=0.50, p=0.004) and the mLTPA-Q (r=0.56, p=0.001).
Abstract:
The purpose of this study was to evaluate the accuracy of two newly developed PA questionnaires: the Canadian Society for Exercise Physiology (CSEP) Physical Activity and
Sedentary Behavior Questionnaire (PASB-Q) and a newly modified Leisure Time Physical
Activity Questionnaire (mLTPA-Q). These questionnaires were compared to objective measurements of physical activity and fitness (accelerometry and physiological assessments) in 35 adults, before and after a week of daily living activity. Objectively measured moderate-tovigorous intensity aerobic physical activity (MVPA) was moderately correlated with the PASB-Q's physical activity vital sign (PAVS) (r=0.50, p=0.004) and the mLTPA-Q (r=0.56, p=0.001).
Bland Altman plots suggest minimal bias from self-reported to objective measures of MVPA.
The ability of PAVS to accurately distinguish who does and does not achieve Canadian PA guidelines was 83% and 60% respectively, compared to 82% and 73% of the LTPA-Q. Self- 
Introduction:
Canadian Physical Activity Guidelines recommend 150 minutes of moderate-to-vigorous aerobic physical activity (MVPA) per week to achieve health benefits (Tremblay et al, 2011 Medicine' evaluations to have good face and discriminant validity (Coleman et al, 2012 (Godin & Shephard, 1985) , asked individuals to recall their strenuous, moderate and mild physical activity, of more than 10 minutes each day of the past week (Supplement S2). The new modified LTPA-Q offers more specific PA information than the number of 15 min bouts of exercise per week in the Godin, but less detailed information than the commonly used, but highly variable and less valid IPAQ-SF (Helmerhorst et al. 2012 ).
The primary purpose of this pilot study was to evaluate the validity and reliability of the PASB-Q and the new mLTPA-Q relative to objective measures of physical activity and fitness (accelerometry and physiological assessments).
Methods
A total of 35 participants were recruited from Acadia University to participate in this pilot study. All subjects provided informed consent in accordance with the Ethics Review Board at Acadia University. Three participants were removed from validity analysis due to invalid wear time but were included in questionnaire reliability analysis. The majority of subjects were female (26F, 6M). Female participants had an average age of 55±10 years, Body Mass Index (BMI) of 31±6 kg/m 2 , waist circumference of 94±15 centimeters and estimated VO 2 max of 30±7 ml/kg/min (i.e. 8.5 METS). Male participants had an average age of 63±9 years, BMI of 26±3 kg/m 2 , waist circumference of 96±10 centimeters and estimated VO 2 max of 31±7 ml/kg/min (i.e.
METS)
On the first visit participants were given an initialized ActiGraph® GT3X accelerometer (ActiGraph, Pensocola, Florida, US) and completed both the CSEP-PATH PASB-Q and the D r a f t mLTPA-Q. Within the first visit, participants underwent physical fitness testing including assessments of anthropometrics (height, weight, waist circumference), muscular fitness (pushups, grip strength) and aerobic fitness. Aerobic fitness was assessed by modified Bruce maximal test for those cleared for maximal exercise depending on existing health conditions or through a 6-minute walk test or submaximal treadmill protocol; depending on orthopedic limitations and comfort with a treadmill. Testing protocols were completed according to published guidelines (CSEP, 2013; Heyward and Gibson, 2014) and administered by CSEP-Certified Exercise Physiology (CEP) candidates. Participants wore the accelerometer for the intervening 7 days over the right hip, with instructions to wear it for at least 10 waking hours per day during activities of daily living. On the second laboratory visit (7 days later), subjects returned the accelerometer and completed both the PASB-Q and mLTPA-Q for reliability analysis. The
ActiGraph® accelerometer data was computed using Actilife Software (Version 5, Pensicola Florida, US) according to published guidelines (Freedson, Melanson, and Sirard, 1998 ) with a valid week consisting of at least 4 days worn with one weekend day per week, for a minimum of 10 hours per day. If worn for 4-6 days, the days were averaged and multiplied by a respective factor to equal one full week. The PAVS was calculated by multiplying the days engaged in moderate-vigorous intensity physical activity by minutes engaged at the level. mLTPA-Q MVPA was calculated by adding the self-reported minutes of strenuous and moderate activity over the past 7 days. Wear time was calculated by subtracting non-wear time from 24 hours. Non-wear time was defined as at least 60 consecutive minutes of zero counts, with allowance for 1 to 2 minutes of counts between 0 and 100, consistent with Colley et al (2011) . Objectively measured sedentary time was calculated by subtracting total physical activity (≥1.5METs) from wear time. 
D r a f t

Results:
From the ActiGraph® accelerometer, 56% of participants met PA guidelines. The sensitivity values of the PASB-Q's PAVS and mLTPA-Q in identifying subjects who did not meet physical activity guidelines by the ActiGraph® were 60% and 73% respectively. The specificity values of the PAVS and mLTPA-Q in identifying subjects who did meet physical activity guidelines were 83% and 82%. The average intensity related physical activity measures across the three devices are presented in Table 1 . Compared to the criterion measure of MVPA, the PASB-Q's PAVS and mLTPA-Q had moderate positive correlations of 0.50 (p=0.004) and 0.56 (p=0.001). The accelerometer recorded moderate physical activity (MPA) was moderately correlated with the mLTPA-Q self-reported MPA (r=0.53; p=0.002) (see Table 2 ).
There were no significant correlations (r=0.29, p=0.13) between self-reported and objectively measured sedentary time as there was a large difference between average selfreported sedentary activity (6.4±3.5 hours/day) and average measured sedentary activity (12.2±1.2 hours/day). There was no significant correlation between self-reported and objectively measured sedentary breaks (r=0.02) with participants rarely breaking up sedentary activity (every 2.8±0.9 hours/day). Sedentary breaks analysis did not take into account the length by which breaks were taken for (i.e. breaking up sedentary activity to go exercise for 2 hours).
The PASB-Q had reliability coefficient's ranging from r=0.55 (perceived aerobic fitness) to r=0.92 (number of muscle strengthening activities per week) ( Table 2 ). Within the PASB-Q there was a low-moderate positive correlation (r=0.36) between frequency of muscle strengthening activities and number of push-ups that approached significance (p=0.08). There was no significant correlation between muscle strengthening activities and grip strength. There was no significant correlation between measured aerobic fitness and perceived aerobic fitness.
D r a f t
The mLTPA-Q had statistically significant moderate-strong reliability coefficients across PA domains, with the exception of mLTPA-Q time spent performing mild physical activity over the last week. 97% participants were within the upper and lower limits of agreement between the ActiGraph® and PAVS of 288 and -188 minutes, respectively. 97% were also within the limits of agreement between the ActiGraph® and mLTPA-Q was 262 and -223 minutes, see Supplement S3.
Discussion:
The primary finding from this study was that both the PASB-Q and mLTPA-Q are valid Both questionnaire's MVPA scores approximated those assessed objectively and both questionnaires strongly identify participants who achieved and did not achieve physical activity guidelines. The Bland-Altman plots revealed few outliers beyond the limits of agreement for both the PASB-Q and LTPA-Q. The sensitivity and specificity of the PAVS for participants meeting PA guidelines in the current study are slightly higher than previous literature which used the EVS (Fitzgerald et al, 2015) suggesting it may be a useful patient PA screening tool among exercise professionals and clinicians.
The PASB-Q had a high test-retest reliability across most questions except perceived aerobic fitness. The PASB-Q was not a valid assessment of muscle strength (r=0.36; p=0.08), aerobic fitness or sedentary behaviors. This could be due to the fact that PASB-Q asks D r a f t frequency of strengthening activities not strength, perceived aerobic fitness had low reliability and used indirect methods to estimate aerobic fitness, and self-rated sedentary activity was far below objectively measured sedentary activities which were 1-2 hours / day higher than published norms (Colley et al. 2011) . The PAVS and the mLTPA-Q's ability to accurately measure MVPA are similar; however, the PAVS is more simple and more reliable, reinforcing the importance of its use as a means of assessing an individual's physical activity behaviour, to initiate physical activity counselling in a time pressured clinical context. The mLTPA-Q may be more beneficial for exercise professionals who are interested in detailed physical activity patterns, as it differentiates between the amount of mild, moderate and vigorous PA which all have different implications to health and fitness, and therefore can inform more specific and individualized exercise prescriptions.
The average MVPA reported in the PASB-Q's PAVS and mLTPA-Q were below that measured objectively in this study; the Bland-Altman plots identified a small systematic bias to underestimation of self reported physical activity with these instruments. The construct of these questionnaires seem to address the typical overestimations of PA from brief questionnaires compared to objective measures (Troiano et al, 2008) . For example, according to the Canadian Health Measures Survey approximately 52% of Canadians report meeting PA guidelines (Statistics Canada, 2009 ) but only 15% meet objectively measured thresholds (Colley et al, 2011) . The ActiGraph® versus PAVS limits of agreement are more narrow than previous research comparing ActiGraph® and EVS (349 and -217 min) (Fitzgerald et al, 2015) .
The low correlation between self-reported and objectively measured sedentary behaviour in this study (r=0.29, p=0.13) is consistent with both the long (r=0.33) and short version (r=0.34) of the International Physical Activity Questionnaire (IPAQ) (Rosenburg et al, 2008 
